The results of studies that assessed the impact of metformin treatments on gestational diabetes mellitus (GDM) in patients with polycystic ovary syndrome (PCOS) are inconclusive. In addition, the impact of time and duration of metformin therapy for an optimum reduction of GDM has not been reported in these studies. This study aimed to summarize current knowledge regarding the effect of metformin-therapy before conception versus throughout pregnancy on the risk of GDM in women with PCOS. PubMed, Scopus, Google Scholar and ScienceDirect databases were searched to identify relevant studies. Both fixed and random effect models were used. Subgroup analyses were performed based on the on the study methodology. The association between the PCOS status and GDM was assessed using the univariate and multiple meta-regression analysis adjusted by the BMI and metformin therapy. Forty-eight of 1397 identified studies were included involving 5711 PCOS patients and 20,296 controls. Regardless of metformin therapy, the prevalence of GDM diagnosed in the second trimester among women with PCOS was significantly higher than healthy controls that was independent of obesity. Including all studies, the increased risk of GDM among women with PCOS, compared to healthy controls, disappeared after the adjustment of metformin-therapy (β = 0.08, 95% CI 0.04, 0.2; p = 0.624). By excluding observational studies as a source of bias, the prevalence of GDM among women with PCOS treated using metformin before conception till the end of pregnancy did not differ from treated just before conception (β = − 0.09, 95% CI − 0.2, 0.02; p = 0.092) or those without metformin therapy (β = − 0.05, 95% CI − 0.07, 0.04; p = 0.301). The results remained unchanged after the subgroup analysis based on the methodology of RCTs and non-RCTs studies. The main body of literature in the current meta-analysis was observational, which may be mixed with some sources of bias. Also, a lack of well-designed and high quality interventional studies means that the findings should be interpreted with cautious. In this respect, decisions regarding the continuation or discontinuation of metformin therapy in women with PCOS are somewhat arbitrary and can be made individually based on the patient's condition given the presence or absence of other GDM risk factors. Additional well-designed RCTs still need for precise recommendation.
Background
Polycystic ovary syndrome (PCOS) with a prevalence of 7-15% is one of the most common endocrinopathies among women in the reproductive age [1] . Hyperandrogenism and/or hyperandrogenemia, chronic oligo-ovulation and polycystic ovaries morphology are the main characteristics of this syndrome. The exact underlying pathogenic mechanisms of PCOS are not fully understood, but it is believed that insulin resistance (IR) with compensatory hyperinsulinemia is the cornerstone of its pathogenesis [2, 3] . It is well documented that non-pregnant women with PCOS face more metabolic and reproductive complications with an early or late term syndrome's risks [4] [5] [6] . However, the effects of PCOS on pregnancy outcomes remain controversial. Normal pregnancy is characterized by the physiologic insulin resistance state, which is at its peak in the third trimester of pregnancy. Human placental lactogen, estradiol, progesterone and cortisol regulate the insulin status during pregnancy, which induce the diabetogenis state due to the facilitated diffusion and transfer of glucose to the fetus [7] [8] [9] . Pregnant women suffering from PCOS experience the additive preexisting state of insulin resistance, which may accompany adverse pregnancy outcomes [10] . Metformin as an insulin sensitizing agent have been wildly used for PCOS, but its effect on the prevention of GDM in PCOS is controversial.
According to available meta-analyses studies, women with PCOS have 2.8-4.3 higher risk of GDM compared to healthy controls [5, [10] [11] [12] [13] . Mopreover, several studies were conducted to assess the impact of metformin treatments on GDM in patients with PCOS [14] [15] [16] [17] [18] [19] . However, their results were inconclusive. For instance, Zheng et al. [19] in a meta-analysis study showed that the incidence of GDM was significantly lower among pregnant women with PCOS receiving metformin than those not received. Conversely, according to another meta-analysis, Zhuo et al. [17] , metformin did not significantly reduced GDM in women with PCOS. These controversial results may be partly explained by the use of different eligibility criteria for the type of included studies (interventional versus observational) or selecting a non-homogenous control groups (PCOS not treated, or both not treated PCOS and non-PCOS ones) [14] [15] [16] [17] 19] , and not adjustment for most relevant confounders including age and body mass index. Moreover [18, 19] , most of those meta-analyses did not assess the quality of included studies [14, 15, 18, 19] and none of them evaluated the risk of bias [14] [15] [16] [17] [18] [19] . In addition, the impact of time and duration of metformin therapy for an optimum reduction of GDM has not been reported in these studies. Hence, we decided to conduct a meta-analysis to assess the effect of metformin-therapy before conception versus all throughout the pregnancy on the risk of gestational diabetes mellitus (GDM) in women with polycystic ovary syndrome (PCOS) after the adjustment for type of study (observational versus trials), age and BMI.
Methods
This systematic review and meta-analysis was conducted based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [20] with the following objectives:
• Study of the prevalence of GDM among women with PCOS regardless of metformin therapy, compared to healthy controls; • Study of the effect of obesity on the prevalence of GDM among women with PCOS, compared to healthy controls; • Study of the prevalence of GDM among women with PCOS treated with metformin just before conception/before conception till the end of pregnancy, compared to healthy controls; • Study of the prevalence of GDM among women with PCOS treated with metformin before conception until the end of pregnancy, compared to women with PCOS treated with metformin just before conception.
• Study of the prevalence of GDM among women with PCOS treated with metformin only before conception/before conception until the end of pregnancy, compared to untreated women with PCOS.
Search strategy, study selection and data extraction
A comprehensive literature search was performed in the PubMed (including Medline), Web of Science and Scopus databases for retrieving relevant randomized or non-randomized controlled trials (RCTs or NRS), cohort studies, cross sectional, and case-control studies published in English language up to August 2017. In addition, a manual search of the reference list of relevant studies was conducted to expand the search coverage.
The following MeSH terms keywords, alone or in combination, were used for the search process: "Polycystic Ovary Syndrome" OR "Polycystic Ovarian Syndrome" OR "polycystic ovary disease" OR "PCOS" OR "PCOD" OR "Stein Leventhal Syndrome" AND "insulin resistance" OR "gestational diabetes" OR "pregnancy complications" OR "obstetric complications" OR "adverse pregnancy outcome".
The initial selection of articles was performed based on titles' screening, followed by a second round of selection performed by one reviewer, who deleted duplicates and reviewed the abstracts of all remaining records. Any disagreement in the selection of abstracts was resolved through consensus or by a senior reviewer. The full text articles were evaluated.
Studies with subjects having diabetes or currently using antidiabetic drugs except metformin, reporting the prevalence of PCOS retrospectively in women with GDM and non-original studies were excluded. General characteristics of the studies including "authors, journal, publication year, design, recruitment source, ethnicity, sample size for cases and controls as well as group characteristics including diagnostic criteria of PCOS, screening time and strategy of GDM, age, body mass index (BMI), duration of metformin therapy, adjustment methods of confounders and prevalence of GDM were extracted.
Quality assessment
Quality of the studies was critically apprised in terms of methods and results. Two reviewers who were blind to the study's author, journal and institution evaluated quality of the studies independently. Disagreements were resolved through consensus or by a senior reviewer.
The modified Consolidated Standards of Reporting Trials (CONSORT) was used as a validated quality assessment checklist for clinical trials [21] . Studies with a score ≥ 70% of the highest level of the CONSORT checklist score were considered as high quality, those with 40-70% of the score as moderate, and those with 20-40% of the score as low quality and with < 20% of the score as very low quality.
The quality of observational studies was also evaluated using the modification of the Newcastle-Ottawa Quality Assessment Scale for Nonrandomized Studies (NRS) [22] , which assessed the quality of published nonrandomized studies in terms of selection, comparability and outcome. Studies with a score above 6 were considered high quality, 3-5 moderate and below than 3 low quality.
Risk of bias assessment
The risk of bias of NRS and other methodological studies was assessed using the ROBINS [23] and Cochrane Collaboration's tool, respectively [24] . In this respect, the risk of bias based on the subgroups of low-, moderate-, critical-and unclear risk was assessed.
Statistical analysis
The STATA software package (version 12; STATA Inc., College Station, TX, USA) was used to conduct statistical analysis. Heterogeneity was evaluated using the Chi square test and P value > 0.05 was interpreted as homogeneity. Publication bias was assessed using the Begg's test as a formalized statistical test for statistically estimating funnel plot asymmetry to find any possible publication bias. Accordingly, the random effect model without any correction were used for such analysis. The Metaprop method was used for the pooled estimation of the prevalence of GDM. The Mantel-Haenszel method for meta-analysis was applied for the pooled estimation of age and BMI in various subgroups including women with PCOS (without metformin therapy, metformin therapy just before conception, and metformin therapy before conception until the end of pregnancy) and non-PCOS women. In addition, subgroup analysis was performed based on the study methodology. The association between the PCOS status and GDM was assessed using the univariate and multiple meta-regression analysis adjusted by the BMI and metformin therapy. The prevalence of GDM, PCOS status and weight given to each study was calculated using the fixed effect model based on the inverse of within-study variance, and was presented through the scatter bubble plots. P > 0.05 was set as statistically significant.
Results

Search and study selection
The search yielded 1397 potentially relevant articles. The flow chart indicating the selection process for the systematic review and meta-analysis was depicted as Additional file 1: Fig. S1 . According to the inclusion criteria, 48 fulltext articles were selected for the meta-analysis.
Study characteristics
Forty-eight studies published between 1998 and 2017 were included in the systematic review. Data on 5711 women with PCOS and 20,296 healthy controls was presented in Table 1 . Overall, most studies were judged as having a low risk of bias for evaluated domains (Additional file 1: Figs. S2-S5 ). In addition, quality of the body of evidence in the current meta-analysis was classified as moderate. Twenty-three studies were identified as high quality and other as moderate quality (Additional file 1: Tables S1-S3).
Forty-three studies had observational and five studies had interventional (four RCTs [48] [49] [50] [51] and one NRS [52] ) methods. Marking diversity was found in screening strategies for the diagnosis of GDM. Majority of the studies performed the GDM screening test in the second trimester of pregnancy; 6 reported the GDM prevalence during the first, second and third trimesters of pregnancy [27, 49, 50, [52] [53] [54] . Twelve studies implemented the two-step screening process with a 50-g Glucose Challenge test (GCT), following a 3-h, 100-g glucose tolerance test (OGTT) [7, 24, 25, 30, 32, 38, 39, 41, [55] [56] [57] [58] ; 29 studies applied the one-step screening process with a 3-h, 100-g OGTT [28, 47, 52, [59] [60] [61] or a 2-h OGTT with 75 g glucose [27, 29, 31, 33-37, 40, 42, 44-47, 49-51, 53, 54, 62-64] and 7 studies did not [36] and in one single study it was used before conception until the 32th week of gestation [36] .
The overall pooled prevalence (95% CI) of GDM among different groups was presented in Table 2 . According to the Chi square test and Begg's test, a significant heterogeneity but no publication bias was found between the studies in various subgroups. Overall, the women with PCOS were younger [Randompooled mean (95% CI) 29 (Fig. 1a, b) .
Results of meta-regression analysis
The results of univariate, and multiple weighted, linear meta-regression analysis were presented in Table 3 . Unadjusted meta-regression revealed that regardless of metformin therapy, the prevalence of GDM diagnosed in second trimester among women with PCOS was 9% higher than healthy controls (β = 0.09, 95% CI 0.04, 0.16; p = 0.002) ( Table 3 model 1 and Additional file 1 : Fig. S2) ; those higher rate remained significant after adjustment of age, BMI, study design, PCOS criteria, GDM definition and quality assessment ( Table 3 , Models 2-8). In all studies (observational and trials), the increased risk of GDM among women with PCOS, compared to healthy controls, disappeared after the adjustment of metformintherapy (β = 0.08, 95% CI 0.04, 0.2; p = 0.624); metaregression analyses demonstrating that the prevalence of GDM among the women with PCOS treated before conception was statistically higher than the healthy controls (β = 0.13, 95% CI 0.06, 0.2; p = 0.001). Nevertheless, this prevalence among women with PCOS all throughout the pregnancy were as the same as the healthy controls (β = 0.037, 95% CI − 0.03, 0.1; p = 0.276) ( Table 4) .
Meta-regression analyses among women with PCOS treated with metformin before conception versus all throughout the pregnancy and non-users were presented in Table 4 . It shown that by excluding observational studies, the prevalence of GDM among women with PCOS treated using metformin before conception until the end of pregnancy did not differ from those treated just before conception (β = − 0.09, 95% CI −0.2, 0.02; p = 0.092) or those without metformin therapy (β = − 0.05, 95% CI: − 0.07, 0.04; p = 0.301). In addition, the results remained unchanged after the subgroup analysis based methodology of RCTs and non-RCTs studies.
Discussion
It is well documented that the prevalence of GDM among women with PCOS is higher that healthy controls. In addition, the debate whether metformin therapy can change the risk of developing GDM among women with PCOS is continued. Additionally, in term of prevention of GDM in PCOS women, the effect of metformin that can be used before conception versus all throughout the pregnancy has not been compared yet. Previous metaanalyses are controversial and inconclusive mostly due to different study designs, non-homogenous control groups and un-adjustment for possible confounding factors of age and BMI.
In an attempt to answer this important question, this meta-analysis was conducted using different approaches.
Comparison of the prevalence of GDM among PCOS patients versus healthy controls showed that the prevalence of GDM regardless of metformin therapy was significantly higher in women with PCOS, and the increased risk disappeared after metformin therapy during pregnancy. However, as a source of bias, all included studies were observational that might be influenced by the various biases that influence interpretation of results. In the second approach, comparison of PCOS patients, either without or with metformin therapy in various times revealed that before and during pregnancy it could not decrease the prevalence of GDM in metformin treated women with POCS compared to those with PCOS who did not received metformin or were treated only before conception. The results of subgroup analysis based on RCTs and non-RCTs confirmed such findings. However, these results of clinical trials should also be interpreted with caution mainly due to the small number of trials, moderate quality mainly due to the randomization and blindness. This meta-analysis confirmed earlier findings regarding the higher risk of GDM among the women with PCOS [10-13, 72, 73] . Some mechanisms have been suggested to explain the established predisposition of women with PCOS for developing GDM. It has been demonstrated that profound IR in PCOS due to peripheral target tissue resistance, decreased hepatic clearance, beta-cell dysfunction and increased pancreatic sensitivity [74, 75] is exacerbated through innate IR during pregnancy mainly by the secretion of some insulin-desensitizing placental adipokines and hormones including tumor necrosis factor (TNF)-α, growth hormone, cortisol and human placental lactogen [63, 76] . However, Metformin as an insulin sensitizer is widely used by infertile women with PCOS, which could have reduced ovarian androgens, luteinizing hormone and sex hormone binding globulins. In addition, it is helpful to improve hyperandrogenemia and insulin sensitivity via inhibiting hepatic glucose production, increasing peripheral glucose uptake and utilization, and decreasing insulin levels. Metformin recently has been considered a potentially effective agent during pregnancy to prevent GDM.
There are six meta-analyses on the effect of metformin on the occurrence of GDM in women with PCOS [14] [15] [16] [17] [18] [19] .
Three of them reported that metformin therapy throughout pregnancy decreased the risk of GDM in pregnant PCOS women [16, 18, 19] . However, they were subject of potential bias as their major limitations were different eligibility criteria for the type of included studies (interventional vs. observational) [18, 19] or selecting of a non-homogenous control groups (PCOS not treated, or both not treated PCOS and non-PCOS ones) [16, 18, 19] .
Other three meta-analyses concluded that metformin did not significantly affect GDM among women with PCOS [14, 15, 17] . While these studies were performed a subgroup analysis of RCTs as the most stringent method 
